A longitudinal study was carried out to identify the spectrum of intestinal parasites present in conventionally maintained BALB/c mice and Mastomys coucha and to determine the effects of concomitant schistosome infections on their parasite status. Six parasites were observed during the course of the study, namely the nematodes Aspiculuris tetraptera and Syphacia obvelata, Entamoeba muris and the flagellates Trichomonas muris, Spironucleus muris and Chilomastix spp. Although the 2 rodents shared common facilities, the overall prevalences of S. obvelata, T. muris and S. muris were significantly higher in M. coucha than BALBI c mice. BALB/c mice with concomitant schistosome infection had increased prevalences of E. muris, T. muris and S. muris. In M. coucha, in contrast, there were no significant increases in parasite prevalences. Infection intensities of T. muris and S. muris were significantly greater in M. coucha than BALB/c mice. Concomitant schistosome infection resulted in increased intensities of T. muris infection in BALBI c mice only. The influence of immune status in determining the susceptibilities of rodents to environmentally transmitted parasites is discussed.
Infection of laboratory bred and maintained rodents with intestinal parasites is frequently a problem, particularly in conventional facilities. At this Institute, BALB/c mice and Mastomys coucha (Dettman et 01., 1987) are used extensively for experimental research on schistosomiasis, a disease caused by parasitic blood-dwelling helminths.
The pathological consequences of this disease are primarily immunologically-mediated, arising from the inflammatory reactions evoked by eggs trapped in the host's tissues. During the course of a study in which the intestines of schistosomeinfected animals were examined histologically, the presence of oxyurid worms was noted. In view of the fact that intestinal parasites have been implicated in altering the host's immune response (Hsu, 1982) , a longitudinal study was carried out to identify the spectrum of parasites present in these two rodent species. The study was also designed to examine the effects of concomitant schistosome infections on intestinal parasite status, since the immunological changes induced by schistosomes may alter the susceptibilities of animals to such parasites.
Materials and methods

Animals and maintenance
Male mice (BALB/c, ZA-IDTE) and M. coucha (ZA-IDTE) (Versnel, 1988) were studied over a period of 9-31 and 8-30 weeks of age, respectively. The animals were housed under conventional conditions in polypropylene cages (445 X 280 X 125 mm; Labotec, Johannesburg, South Africa) on wood shavings. Tap water and commercial food pellets (Epol, Pietermaritzburg, South Africa) were provided ad libitum. The animal rooms (5' 7 X 3 . 0 x 2· 6 m), fitted with wall-mounted shelves, were maintained under positive pressure at a temperature of approximately 23°C and a relative humidity of 50-600/0; they received between 10-13 air changes/h and were illuminated artificially by a single fluorescent tube (Thorn, Cool White, 65W) under a 12/12 h light/dark cycle.
Injection oj animals with schistosomes
Animals were infected percutaneously with either a Puerto Rican (PR) or a South African (RSA) (Higgins-Opitz et 01., 1987) strain of Schistosoma mansoni using the paddling method of Dettman et 01. (1989) . Briefly, this method entails placing animals individually into 600 ml plastic beakers containing dechlorinated tap water (80 ml and 100ml for mice and M. coucha, respectively) and the appropriate number of cercariae. After 45 min, they are returned to their cages.
The schistosomes are maintained in our laboratories by alternate passage through M. coucha (ZA-IDTE) and either Biomphalaria glabrata (PR S. mansom) or B. salinarum (RSA S. mansom) snails.
Experimental design
Control animals (i.e. not infected with schistosomes) of each rodent species were killed and examined, in groups of 5, at 2-weeklyintervals on 9 occasions and finally after a further 4 weeks. The parasitic infection status of individual animals was determined by microscopic examination of freshly collected faeces, mucosal scrapings of the entire large intestine and representative samples (5 cm) of both upper and lower small intestine as well as a sample of the caecal contents. Infection intensities were assessed subjectively and expressed as scanty, +, + +, + + + , + + + + and > + + + +. In addition, faecal specimens, collected during the 20 h preceding necropsy were examined by means of the formolether concentration technique (Ritchie, 1948 ).
An effort was made to match the worm burdens of the S. mansoni strains within each host. Furthermore, since the average bodyweight of adult M. coucha is approximately twice that of BALB/c mice, the cercarial doses (determined on the basis of past experience) were adjusted so that worm burdens were correspondingly greater in M. coucha. Mice were exposed individually to either 28 cercariae of the PR strain or 40 cercariae of the RSA strain of S. mansoni and M. coucha to either 44 PR or 85 RSA cercariae. At 5, 9, 11 and 15 weeks after patency (i.e. onset of egg-laying) of the infection, corresponding to a period of 19-31 weeks of age, the schistosome-infected animals were killed and examined for parasites in groups of 5 or 6. The procedures applied to the schistosome-infected animals were identical to those described above for the controls, except that their intestines were split longitudinally, one-half being used to determine the parasitic infection status and the other being processed for histological examination. Schistosome worm burdens of each of the infected groups were estimated at 5 weeks after patency of the infections by perfusion of animals (5 per group) using the method of Jackson et al. (1982) .
Comparisons of both the prevalences and intensities of the intestinal parasites were made between control M. coucha and BALB/c mice using the Yates continuity-corrected chi-square test or Fisher's exact test, depending on the sizes of the expected cell frequencies (Siegel, 1956) . Similar analyses were carried out to compare each of the schistosome-infected groups with their respective controls. In the case of the intensity data the small sample sizes necessitated the rationalization of the data into two categories only, namely::;; + +, > + +. P-values <0'05 were considered significant.
Results
The parasites encountered in the control animals of both rodent species were the nematodes Aspiculuris tetraptera and Syphacia obvelata, Entamoeba muris and the flagellates Trichomonas muris and Spironuc/eus muris ( Fig. 1) . Chilomastix 1m, BALB/c; ., M. coucha. spp (not C. mesnilt) were also observed in BALB/c mice but only on one occasion in M. coucha. There was some evidence in BALB/c mice of an age-related decline in the prevalence of S. muris and, to a lesser extent S. obvelata, a trend not evident in M. coucha. The distribution of the parasites was similar in both hosts, with A. tetraptera, S. obve/ata and E. muris occurring predominantly in the caecum and colon, S. muris in the small intestine whilst T. muris was found evenly distributed in all three sites. Chilomastix spp occurred mainly in the colon. The overall prevalences of S. obve/ata, T. muris and S. muris were significantly higher in M. coucha than in BALB/c mice, while the reverse was true for Chilomastix spp (Fig. 2) . The same spectrum of intestinal parasites was observed in the schistosome-infected animals. However, in BALB/c mice, the prevalences of E. muris and the flagellates T. muris and S. muris were considerably higher in the S. manson iinfected groups: in the case of S. muris, the differences were statistically significant for both the PR-and RSA-infected animals (Fig. 3) . In both groups of S. manson i-infected M. coucha ( Fig. 4) 
Discussion
Laboratory animal health monitoring services were only recently introduced into this country and at the time of this study these services were not in operation. We were fortunate, however, to have the skills available within this Institute to determine the spectrum and prevalence of intestinal parasites in our rodent colony. Six parasites were identified, namely the nematodes A. tetraptera and S. obvelata, the flagellates T. muris, S. muris and Chilomastix spp, and the amoeba E. muris (Fig. 1) .
Although Chilomastix spp are known to occur in rodents (Olsen, 1974) , their presence in laboratory rodent colonies is rarely reported. For this reason it was difficult to conclusively identify the species observed during the present study.
The distribution of the 6 parasites was similar in both hosts and corresponded with' that reported elsewhere (Hsu, 1982; Wescott, 1982) .
Nematode infections are a common problem, particularly in conventional animal facilities. They are difficult to eradicate, but if adequately controlled are considered to be relatively nonpathogenic (Wescott, 1982; Baskerville et al., 1988) . T. muris, Chilomastix spp and E. muris are regarded as non-pathogenic commensals and little attention appears to have been given to their Higgins-Opitz et al. control or eradication (Hsu, 1982) . S. muris is also considered to be a commensal. However, when present in large numbers, it is a recognized pathogen in certain susceptible rodents, causing symptoms which include sluggish movements, staring coat, enlarged abdomen and hunched attitude, accompanied by high mortalities (Sebesteny, 1969; . None of these features were observed in the animals examined during this study, even though high prevalences of S. muris were noted. In view of this finding, it seems likely that this parasite was present as a commensal.
S. muris can be effectively controlled by a combination of chemotherapy and good colony management (Sebesteny, 1969; Hsu, 1982) . This would clearly be advisable, as heavy S. muris infestations have also been associated with alterations of the immune response in mice (Hsu, 1982) affecting macrophage function in particular (Keast & Chesterman, 1972) .
The probability of exposure to the infective stages of the various parasites was, in our opinion, similar for both M. coucha and BALBlc, because they shared a facility in which there was free movement of personnel between the animal rooms and a common store for food and bedding. The higher prevalences of most of the parasites in M. coucha (Fig. 2) , as well as the greater infection intensities of the flagellates, T. muris and S. muris (Table 1) coucha is defective (Beucher & Charreire, 1983; Singh et al., 1984) and they have been shown to be susceptible to experimental infections by a remarkably wide range of parasitic and infectious organisms (Solleveld, 1981) . In the context of the present study, it is also conceivable that M. coucha may have acted as a reservoir host and that the prevalences of the parasites in the BALBlc mice might have been even 19wer, had M. coucha been absent. In terms of animal health monitoring, these observations imply that prevalence data cannot be extrapolated from one rodent type to another within the same facility.
The immunosuppression which is a characteristic feature of schistosome infection (Kayes & Colley, 1979; Trizio et al., 1980) may in part account for the increased prevalences of E. muris, T. muris and S. muris observed in the infected BALB/c mice (Fig. 3) . In M. coucha, the inherently high prevalences of intestinal parasites, as observed in the control animals, may have masked any effects due to schistosome infection (Fig. 4) , although there was some evidence of a modest increase in the prevalences of S. obvelata and T. muris. The reasons for the contrasting prevalence responses of E. muris in S. mansoni infected BALB/c mice and M. coucha are unclear. Schistosome infection might have been expected to result in greater infection intensities of the intestinal parasites, especially in those cases where prevalences were increased. The fact that this generally did not occur is possibly attributable to the development of an increasingly unfavourable micro-environment as a consequence of the damage to the intestinal wall caused by schistosome eggs. It should also be borne in mind that subtle changes of infection intensities may not have been detected, since sample sizes were small and the data had to be assigned into only two rather broad categories for the purposes of analyses.
It is important to recognize that the presence of intestinal parasites may affect the susceptibilites of animals to experimental schistosome infection. Indeed, in our experience with various schistosome species, worm recoveries have consistently been higher in M. coucha than in BALB/c mice. It would be interesting therefore, to investigate, under controlled conditions, the effects of individual commensal parasite species on the susceptibilites and responses of these animals to schistosome infection. Most of the work on experimental schistosomiasis appears to be carried out on animals maintained under conventional or minimal diseased conditions, mainly as a result of practical difficulties in producing cercariae under sterile conditions. To the best of our knowledge only one group of researchers, all from the same laboratory, have conducted experimental schistosomiasis studies on germ-free animals (Bezerra et al., 1985; Vieira & Moraes-Santos, 1987) . Interestingly enough these authors reported higher worm returns and milder responses to S. mansoni infection in germfree mice.
